Introduction
Fertility and future projected population growth are much higher in sub-Saharan Africa than in any other region of the world, and the decline in birth rates, which was already modest, has slowed even further over the past decade. [1] [2] [3] Concern that uncontrolled population growth will hinder the attainment of development and health goals in Africa led to the present study, which rests on the assumption that fertility will decline only if the population at large adopts effective modern methods of contraception, as witnessed in other parts of the world.
The objective of this study is to review progress towards the uptake of modern contraception in Africa. We use as our framework Ansley Coale's succinct summary of the preconditions for the European fertility transition, as amended by Lesthaeghe & Vanderhoeft. 4, 5 Fertility is not likely to decline at a fast sustained pace unless a large and growing number of couples is "ready, willing and able" to use modern contraception.
Readiness is the subjective need or desire to postpone births or cease childbearing altogether. These are not the only reasons for using contraception, but they are clearly the most common. Willingness refers to an attitude in favour of contraception and of certain contraceptive methods in particular. In many societies resistance to modern contraception is common at first and takes the form of outright opposition for religious or cultural reasons or because of fear of becoming sterile and other health concerns. Much qualitative research in Africa has documented deep-seated resistance to the use of modern contraception. [6] [7] [8] [9] Ability refers to being familiar with contraceptive methods and their supply sources and having reasonable access to them. Readiness, willingness and ability are obvious preconditions for use and the three elements interact. For instance, readiness may lead a woman to learn about methods and supply sources. However, no assumptions about causal ordering can be made.
Methods
The data for this analysis of trends in readiness, willingness and ability in Africa -and of contraceptive use itself -come from the Demographic and Health Surveys (DHSs), which provide highly standardized and nationally representative information about contraception and health. These publicly accessible sources of data were downloaded from and are available at: http://www.measuredhs.com. 10 Specifically, we tracked trends in 24 sub-Saharan African countries that had conducted two or more DHSs. These countries are listed in Table 1 , together with the years in which the surveys were conducted. Both western and eastern Africa are well represented and the study countries account for over 75% of the entire population of sub-Saharan Africa.
The median year of the field work for the initial DHS was 1991 in western Africa and 1992 in eastern Africa. For both areas, the median year of the most recent enquiry was 2004. Thus, trends could be examined over a 13-year period in western Africa and over a 12-year period in the remaining countries.
Indicators of readiness, willingness and ability were extracted from DHS files or computed using DHS data. Readiness was represented by the percentage of women who wanted to have no more children (or were sterilized) or who wished to postpone childbearing for at least two years. Willingness was represented by the percentage of women who expressed their approval of family planning and who believed that their partners were also in favour of it. Ability was represented by the percentage of women who knew about both contraceptive pills and injectables and where to seek family planning services. Pills and injectables were selected because they are the most common contraceptive methods among married or cohabitating couples in Africa.
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Objective To review progress towards adoption of contraception among married or cohabiting women in western and eastern Africa between 1991 and 2004 by examining subjective need, approval, access and use. Methods Indicators of attitudes towards and use of contraception were derived from Demographic and Health Surveys, which are nationally representative and yield internationally comparable data. Trends were examined for 24 countries that had conducted at least two surveys between 1986 and 2007. Findings In western Africa, the subjective need for contraception remained unchanged; about 46% of married or cohabiting women reported a desire to stop and/or postpone childbearing for at least two years. The percentage of women who approved of contraception rose from 32 to 39 and the percentage with access to contraceptive methods rose from 8 to 29. The proportion of women who were using a modern method when interviewed increased from 7 to 15% (equivalent to an average annual increase of 0.6 percentage points). In eastern African countries, trends were much more favourable, with contraceptive use showing an average annual increase of 1.4 percentage points (from 16% in 1986 to 33% in 2007). Conclusion In western Africa, progress towards adoption of contraception has been dismally slow. Attitudinal resistance remains a barrier and access to contraceptives, though improving, is still shockingly limited. If this situation does not change radically in the short run, the United Nations population projections for this subregion are likely to be exceeded. In eastern Africa, the prospects for a future decline in fertility are much more positive.
Family planning in sub-Saharan Africa: progress or stagnation? 
Research
All analyses of the trends in these indicators were confined to non-pregnant fertile women who were married or cohabiting when the DHS was conducted. For the analysis of current contraceptive use, the denominator was further restricted to women who had resumed sexual activity and were menstruating again after the most recent birth and who were therefore exposed to the risk of conception. To analyse ability among non-users, we excluded from the study all women who were using contraceptives at the time the DHS was conducted.
All within-country trends were standardized in accordance with the educational distribution (no schooling or incomplete primary, completed primary and secondary school or higher) and urban-rural residence status of all married and cohabiting women in the initial DHS. Thus, compositional changes between successive DHS samples resulting from secular trends or from differences in sampling frames were largely controlled for. A comparison of adjusted and unadjusted trends showed that standardization made little difference. For the analysis, the desire to stop bearing children was further standardized by the number of living children (0-2, 3-4, 5+) and the desire to postpone childbearing for two years or more was standardized by the number of months since the most recent birth (0-11, 12-23, 24-35, 36+). Analyses were performed with the software package STATA version 10 (StataCorp. LP, College Station, United States of America). Standardization was performed with the istdize command.
Our analysis did not focus on individual country results, but rather, on how western and eastern Africa compared. The western African group included one country from central Africa (Cameroon) and the eastern African group included one country from southern Africa (Namibia). Results for the 13 western African countries and for the 11 eastern African countries are summarized by box and whisker plots, which show the median value, the interquartile range, the range in which 90% of the estimates are predicted to fall and the outliers. These plots are shown for the initial and for the most recent DHS survey. We also calculated the median annual rate of change for each indicator in absolute percentage points.
Results
Trends in readiness are shown in Fig. 1 . Around 1991, the median percentage of married or cohabiting women in western Africa who reported wanting to postpone or cease childbearing was 46%, with a narrow inter-quartile range. In 2004 the median value was almost identical, at 47%. In eastern Africa, the subjective desire to cease or postpone childbearing was much higher than in western Africa, and the change observed between the early 1990s and 2004 was much greater, the median having increased from 56% in 1992 to 72% in 2004. The range of the estimates in the 11 countries also contracted over time, though Mozambique (44%) emerged as an outlier. A separate analysis (not shown) of trends in the desire to cease versus to postpone childbearing showed that in eastern Africa the observed increase in the need for contraception stems mainly from the rising proportion of women who wish to stop rather than to postpone having children. Fig. 2 shows the trends in willingness. In western Africa, the median percentage of couples whose two members both approve of family planning (as reported by the woman partner) has risen slightly from 32 to 39, whereas change in eastern Africa has been much more pronounced, the median having risen from 44 in 1992 to 63 in 2004. A remarkable contraction in the inter-quartile range also occurred, though two outliers are apparent: Zimbabwe (83%) and Mozambique (48%). To test the possibility that men's attitudes constitute a major barrier to contraceptive uptake, we separately analysed the wife's approval and her perception of her partner's approval (results not shown). In both sub-regions of Africa, there is indeed a large gap between approval by the woman and her perceived approval by her partner. Around 1991, 62% of the women in western Africa reportedly approved of contraception, but only 35% reported that their partners also approved. The corresponding estimates for eastern Africa in 1992 are 76% and 47%, respectively. Most of this difference, however, is accounted for by the wife's uncertainty about her husband's attitude. In the initial DHS, 31% of female partners in western Africa, on average, expressed being uncertain and the corresponding figure in eastern Africa was 21%. Moreover, trends over time are similarly modest for both indicators in western Africa, while in eastern Africa the perception that the male partner approved showed a greater increase than did approval by the woman herself. Trends in ability among women not using contraceptives at the time of the survey are shown in Fig. 3 . The median percentage of women who were familiar with pills and injectables and who also knew where to seek family planning services rose from 8% to 29% in western Africa and from 32% to 64% in eastern Africa between 1991 and 2004.
Trends in current use of modern contraception among women exposed to the risk of becoming pregnant (i.e all nonpregnant married or cohabiting women of reproductive age except for those whose menstrual period had not returned or who had not engaged in sexual activity since the most recent birth) are shown in Fig. 4 . In western Africa, the median proportion of women who were using contraceptives in 1991 was 7% and the inter-quartile range was narrow: in about half of the 13 countries contraceptive use ranged from 5% to 10%. By 2004, the median value had risen to 15%, which is equivalent to an annual increase of 0.6 of a percentage point. Use was much higher (30%) in Ghana, an outlier. In eastern Africa, the proportion of women using contraceptives in 1992 was similar to the proportion that was using them in western Africa in 2004. Between 1992 and 2004, the use of contraceptives increased at an annual rate of 1.4 percentage points, from 16% to 33%. Variability between countries increased over this period. These trends were re-examined for the 16 countries where three DHSs had been conducted (Table 1) to assess whether change had been uniform over time. The results (not shown) suggest that a greater increase in the current use of contraceptives occurred in the 1990s (increases of 0.68 and 2.7 percentage points for western and eastern Africa, respectively) than in the early years of the twenty-first century (increases of 0.57 and 1.45 percentage points for western and eastern Africa, respectively).
Discussion
This analysis has limitations. Two of the indicators used to assess progress or stagnation are overly simplistic representations of complex concepts. Attitudes towards the idea of avoiding pregnancy and towards specific methods of contraception are no doubt multidimensional and a statement of mere approval or disapproval fails to capture this complexity or the underlying reasons. Nevertheless, trends in approval as measured by identical questions in successive surveys should reveal how contraception has gone from being perceived as an alien, socially deviant practice that threatens health and undermines religious beliefs to being a routine, uncontroversial aspect of married life. Ability, or access, is similarly complex, with social as well as spatial components. Information on distance or travelling time to a source of family planning services was unavailable, although in many countries these factors do not appear to be strong determinants of use. 11 The indicator of ability used in Fig. 1 The entire analysis is restricted to currently cohabiting or married, fertile, non-pregnant women. The exclusion of pregnant women owing to the difficulty in measuring the need for contraception in this group had the effect of increasing the level of current contraceptive use. However, this effect is minor, since in a typical African survey, only about 10% of the women report being pregnant.
Single women were excluded because they show different trends in use and choice of methods, altogether more encouraging than is the case for married women. 12 In many countries, sexually active single women use contraceptives, primarily condoms, more often than cohabiting couples, among whom the use of condoms is rare. Trends among single women would have required a separate parallel analysis. Data from surveys of men were not considered either, partly because their inclusion would have reduced the number of study countries and compressed the time period over which the trends could be observed. Contrary to common belief, attitudes towards family size and contraception do not differ greatly between male and female partners, so readiness and willingness are probably similar between them as well. 13 However, more pronounced differences have been found between men and women in terms of contraceptive use. In many surveys, men are more likely to report using contraceptives than their female partners, but their reports appear to be less reliable for reasons not fully understood.
14 An analysis suggests a possible reason: men are particularly eager to present themselves as good providers and considerate husbands who want to protect their wives' health, whereas women are more likely to portray themselves as needy. 15 This study has shown that in the 13 countries of western Africa, subjective demand or need for contraception, as expressed by married or cohabiting women, remains low at about 46% and has not changed over the past decade. Approval of family planning also remains low and has changed only modestly. Ability, i.e. familiarity with and access to modern contraception, remains shockingly low as well. In 2004 only 29% of women not using contraceptives during the DHS (a large majority of married or cohabiting women) indicated being familiar with two common methods and a supply source.
The very slow increase in the use of modern contraception in western Africa is entirely consistent with the trends in other indicators. Use increased at only 0.6 of a percentage point per year and such an increase slowed down between the 1990s and the early twenty-first century. An increase in contraceptive use of at least 15 percentage points is usually required to reduce fertility by one birth per woman. If the use of contraception continues to increase at the rate observed between 1991 and 2004, it may take 25 more years for fertility to drop from its current level of 5.5 to 4.6 births per woman in western Africa. 
Research
According to United Nations medium population projections, fertility will drop to 3.5 births in 2025-2030 and the total population will grow from 270 million in 2005 to 626 million by the middle of the century. 16 According to high population projections, fertility in western Africa will drop to 4.0 births per woman by 2025-30 and the population will reach 705 million by 2050. If current trends in the use of contraception remain unchanged, even this high projection may be exceeded.
A very slow drop in fertility and a massive increase in population have potentially catastrophic implications for the reduction of poverty and hunger in the world and indeed for the attainment of every single Millennium Development Goal. The western African region includes several countries, such as Niger and Chad, with very fragile ecosystems and low food security. It is highly unlikely that such countries will be able to feed their inhabitants if over the next 40 years their populations grow to twice or three times their current size. Mass migration to neighbouring countries with more secure agricultural bases could conceivably occur as an escape from demographic pressures, but at the cost of civil strife.
A greater number of induced abortions could partially offset the lack of effective contraception. After all, fertility in western Africa has fallen from a peak of 6.9 births per woman around 1980 to 5.5 in 2010 despite very low contraceptive use. Increased rates of abortion are the most likely explanation for this, but in most countries abortion is illegal and often unsafe. Although its abortion rate is reportedly lower than the rate in eastern Africa, western Africa already has the highest abortion-related mortality of any region in the world, with an estimated 140 abortion-related deaths per 100 000 live births per year. 17, 18 Thus, if fertility declines were to be driven largely by abortion, the situation would be disastrous for women's health and survival. Contraception should be vigorously promoted in western Africa on both health and economic grounds.
Very different trends emerge in the 11 eastern African countries, where the demand for contraception to limit family size (though interestingly not to postpone childbearing) has risen sharply, attitudes have become more positive and access (i.e. familiarity with contraceptive methods and a supply source) is high. As in most of the developing world since 1970, the use of contraception in eastern Africa has risen at an annual rate of 1.4 percentage points over the past decade. Despite considerable variation between countries, all this evidence suggests that contraceptive uptake is likely to increase and fertility is likely to continue falling. One important caveat to this positive scenario is that the pace of increase in contraceptive use has slowed down appreciably, from an annual change of 2.7 percentage points in the 1990s to a change of 1.45 percentage points thereafter.
It is beyond the scope of this paper to explore the reasons for the growing gap between western and eastern Africa. However, we did examine trends and differences in human development index, infant mortality, women's employment and education, uptake of maternal and child health services and strength of family planning programmes, all of which can influence reproductive behaviour. We noted no differences in overall development, infant mortality or women's employment between regions. Both showed modest trends in the proportion of deliveries in health facilities, but the proportion was slightly lower in western than in eastern Africa. In western Africa, the median percentage of children aged 12-23 months who were fully vaccinated rose considerably, while in eastern Africa it remained unchanged. However, these differences do not appear to be large enough to explain our findings.
Measures of the strength of family planning programmes based on expert opinion are available from John Ross et al. 19 In 1999, programmes in the two regions were judged to be equally strong overall, although the availability of contraceptive methods was lower in western Africa. However, in our study, a huge subregional divide was noted in availability or access, which strongly suggests that western Africa has not made as great an effort as eastern Africa to make contraceptive methods widely available. This probably explains the east-west divide in large measure. The other critically important factor is women's education, which is the single most powerful correlate of contraceptive use and fertility decline. According to our own estimates, in western African countries the percentage of married women who had completed primary school or higher rose from 13 to 16 between 1991 and 2004, while in eastern Africa the percentage rose from 24 to 45.5. This very substantial difference reveals that efforts to improve schooling for girls in western Africa have been less than in eastern Africa over the past decade. Bangladesh and other countries have shown that it is possible to achieve high levels of contraceptive use in a largely uneducated population, though not as easily as in countries where adults, and particularly women, are better educated.
The central message of this paper is twofold. First, to reverse stagnation in the use of modern family planning methods in most of western Africa and in some eastern African countries, contraceptive services need to be made more accessible. This calls for large new investments and for vigorous information campaigns to address unfavourable attitudes towards family planning overall and towards certain methods in particular. Important shifts in political priorities and the emergence of strong local leadership will be needed to legitimize the idea of smaller families and contraception. Second, schooling opportunities for girls need to be greatly improved, both for their intrinsic value but also as a means of accelerating reproductive change in the next generation ■ Funding: RN received salary support from the Wellcome Trust. The Trust played no role in the preparation of the paper. 
